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bstract

The over&l1 design of the Antares laser power

kplifier is discussed.

k

The power amplifier i

he last stage of amplification in the 100-

i

~ntareslaser. In the power amplifier a singl ,

Cylindrical,grid-controlledcold-cathode,ele

ron gun is surroundedby 12 iarge-apertureC02

,lectron-beamsustained laser discharge sectors.

ach power amplifier will deliver 18 kJ and

Tix modules used in Antares will produce the r -

uired 100 kJ for delivery to the target.

)arge-scale interactionbetween optical, mecha -

le

cal, and electrical disciplines is required

tet the design objectives. Significant comp -

ent advances required by the power ainplifi

esign are discuss.d. +

I I—— — ——— .— — .—.
Mm7ciurtilnl— — — -. — ——

The Antares laser is under construction at

the Los Alamos Scientific Laboratory (LASL).

rhis is a large (100-k J) C02 laser for the ine‘-
tial confinement fusion program. The power am-

]lifier (Figs. 1 and 2) is the last stage of

simplificationin the optical chain. A cylindri-

cal cold-cathode,grid-controlledelectron gun is

Itilized to ionize the laser gas in the annulus

surroundingthe gun. Each power amplifiercper-

ates at 1800 torr of 1:4::N2:C02 laser,gasand

“equires approximately1 MJ of stored electrical

?nergy at an operating voltage of 550 kV. An

input light energy of less th~n 100 J is ampli-

fied in two passes through tle power amplifier

to an output energ,yof 18 kJ. ;ix power ampli-

*Work performed under the auspices of the u.S.

Depari.flentof Energy

,

~
m8;5~ientifi Laboratory I

4
fiers operating in parallel are required to pro-

duce the 100-kJ output for the fusion targets.

This paper discusses features of the power

anplifier optical, mechanical, and electrical

design, and their problem areas and solutions.

OPtical Desiqnl

A 15-cm-diameter annular input beam with an

energy of less than 100 J is delivered to each

power cenplifierfrom the driver amplifier in the

front end. It passes into the vacuum section

through a 22-cm-diametersalt window. This input

beam is divided by a central polyhedron beam

splitter into 12 segments which are directed

radially outward. Each of the 12 beams is re-

flected to a three-mirror corner cube which is

used to adjust individualpath lengths to obtain

pulse synchroni,zatlon..From the corner cube the

light passes to a focus mirror then through a

spatial filter. The beam enters the pressure

vessel section through a 12.7-cm-diameter salt

windcw, then through a group of four relay mir-

rors to the first amplifying section. The ap-

proximately2.5-cm trap~zoidalbeam makes a first

diverging pass through the four pumped regions

to the back-reflector mirror where it is re-

flected for a second, near-collimated, pass

through the amplifying sections. At the output

of the pressure vessel the beam is transmitted

through J 45-cm-diameter salt window to the two

mirror periscope sections. Because of the rcidial

geometry of the power amplifier,each amplifying

;ector, and therefore each beam, is a segment ot

m annulus. The periscope compresses the radius

of the annular 12-sector beam array exiting the

power amplifier to reduce the dimer!sionsrequirec

downstream in the turninqand tar~et chambers.—.—



The power amplifier design is ;rimarily dic- sure vessel must operate at 3 atmosphereswith a
~ated by optical il.65-m opening at one end for the electrfingun

and 12 openings, each 45 cm in diameter

‘lUX

for

:rovdes an allowance for t spots due to dif- ,

I la]n window size means tt!atthe 1 ser must exit \ i Iformance, dime sional stability,and low cost.
I 1

through multiple output windows. For Antares

this results in 12 windows per power amplifier,

I

r 72 total output windows in the system.

An intensive development program at HarshL

~hemical Company, funded by LASL, has produc~g

~pticalgrade salt windows uptl~45-cm diameterj’

the windows are 8.9-cm thick to withstand tie

~-atmospherepressure differential. Each winddw

is mounted between two Viton O-rings toprovi~e

~ positive seal for both the 3-atmospherespre~-

1 1
ure operating condition and the O.1-torr vacu II

hen the laser gas is excha!:ged.

1 ~

Another development program, at the Y- i

lant of the Union Carbide Corp. in Oak Ridg ,

iennessee,

~

has produced the large mirrors us c

in the power amplifier (Fig. 3). Over 200 i

~hese large mirrors are usedin thepowermpl{.—— —
m. +il’ese-tiRwZe — G%=

strate plated with a l-m-thick copper coating,

The optical surface is produced by single-point

diamond-turning (SPOT). Both flats and weak

sphericalmirrors are produced for the power am.

plifier. This technology provides an optics’

finish on odd-shapedmirrors at a reasonablecosi

as well as resulting in a higher damage threshol(

than conventionallypolished mirrors.

Antiparasitic coatings such as LiF and Fe304

have been developed which are highly absorptive

at 10.6 \lm. ‘Thesecoatings will be used withil

the power amplifier to help eliminate harmfu

parasitic. Provisionhas been made in the powel

amplifierdesign for a saturable absorberc(?I?tl

further reduce parasitic if necessary.

M~~hanical— .—
A number of difficult mechanical asscmblie’

are required in the power amplifler. The pres-1

I
The electron-gun vacuum vessel is also made

from ASTM 516 steel. This unit (Fig. 2) is

1.65 m in diameter and 7.7 m long. The vessel

tiallis penetrated by 48 openings for the elec-

tron beams. Each electron window opening is

75 cm by 25 cm with 0.8-cm wide hibachi ribs

spaced on 6.3-cm centers down the length for win-

dow and shell suppo).t.The vacuum vessel is con-

structed from four finish machined cylinders each

1.65 m in diameter, 1.9 m long, with a 5-cm-thick

wall. These cylinders are jcined together using

pulse-arc welding to give very low weld distor-

tion, thus requiring no further machining after

the welding.

The hibachi window openings are covered with

2-roil-thicktitanium foil which allows the elec-

‘ron-beam Lo pass through and also provides the

vacuum seal. The foil is attached to a punched-

metal backing grid to form a rip-stop which pre-

vents catastrophicwindow failure. Insertingand

removing the electron gun posed a difficultmech-

anical problem. The solution was to develop

special-:haped air bearings to fit the small

space allowed, yet provide a reliable method for

sliding the gun in and out of the pressure vessel

with a minimum of force.

Electrical

The derivation 01 the power amplifier elec-

trical parametershas been discussed previously.4

The electrical problems in the power amplifier

involve the anode, anode bushings, high-voltage

cable, and the electron-gundesign, includinggun

support bushings and electricalfeed.

The high-voltage cables connect the gas

pulser energy storage to the power amplifier.

-



hese cables must withstand 550-kV pulses during

-— -
3. V. E. Straughan, “POLYTRANR NaCl Windows

perating conditions, and could see a voltage as for LASL Antares CO, Laser System,” LAW

ligh s 1 MV during fdult conditions,e.g., when ~

he

‘au1

Iowe“

‘Olt
1 1 . . -. Y. n -.. .- . .

‘.number oflutility cables qere tested for 1

:his duty and ~lydrY.cure poly~thylene cables ~

batedfor at least 145-kVacproved ade~e~

luter semiconauctivecorona shield of the cable

IS used to grade the field distribution at e

Y:abletermination. These cables are about 7.5 m

1

in diameter. During the test program the cabl s

/ere subjected to over 8000 shots at 800 kV a,d

;urvived100 shots at 1 MV.

!An anode bushing was successfully tested t

/oltages up to 1 MV. This bushing uses shap~d

?lectrodesand silicon-rubber inserts to redu~e

the peak fields. I
T& cylindrical cold-cathode electron-g~nl

1:onceptwas developed and tested in a full-sea e

~rototypepower amplifier.
5 This prototypeuni

i

is presently being used to test actual Antar s

!ardware components under realistic operati g

~onditions. I—— —— —.-— ——
—— —— ..— ——

Conclusion

This paper has presented the design of the

Qntares power amplifier and has discussed SOIMI

Of the key components. Anumherof problem areasl

and solutionswere described. I
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